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RB PROTOCOL TO ASSESS REDUCTION IN VilRAL CONT AM NATION liN DOOR AIR. 

1.0 Object ive 
1.1 This document describes assessment of a test substanoe for a temporary reduction 

in the number of viable bacteriophages / viruses in indoor air (ljaz et al. 2016; 
Kasflkooli et al. 2019; Sattar et al. 2016; Zargar et al. 2016; 2019; 2021 ). 
Bacieriophages as surrogates for vertebrate viruses ~enveloped and non-enveloped) 
have been used for aerobiological investigations includITTg assessment of air 
decontamination technologies (Duchaine, 2016; Fedorenko et al, 2020; Prussin et al. 
2018; Turgeon et al., 2014; Zargar et.. al. 2021), Biosafety concerns and 
experimental challenges posed by working with the influenza virus and 
corooavirnses such as SARS-CoV-2, and noroviruses, this protocol employed lhe 
enveloped ba.cieriophage Phi6, used as a surrogate for the influenza virus (Adcock 
et al., 2009; Tuigeon et al. , 2014) and SARS coronavirus (Gas.in.ova etal. , 2016), 
and MS2 for noroviruses (Dubuis et al., 2020). Therefore, using bacteriophaiJes as 
the surrogates of vertebrate viruses can be an altemative to overcome the 
difficulties, expense, and most importantly biosafety aspects of working with 
vertebrate viruses_ 

2.0 Good Labol!atory Practice 
This stu:dywill be conducted in accordance with EPA Good Laborafory Practice (GLP) 
regu lations (40 CFR Part 160). If necessary, an ,external Quality Assurance Unit may be 
provided for this study. The following exceptions to EPA Good Laboratory Practice may be 
noted in the final study report: 

For the studies not pertosmed by or under the direction of the Test Facility, induding test 
substance characterization (40 CFR Part 16(U05) and analysis of the active ingredient 
level in the ohamber air, a Certificate of Ana lysis for characierization or report will be 
appended to the study report. 

Adatalogger (CAS Data Loggers, 8437 Mayfield Rd., Unit 104, Chestertand, OH 44026) 
placed -, !he aerob-ology chamber mon itors air temperature and relative humidity (RH). 
The captured data v.~11 be printed following ,each experiment, rn itialed, dated and archived 
in the study file to document this raw data. The autoclave used for sterilization of 
equipment and materials will also have 1h e eye e information printed, initiated, dated and 
archived in the study file_ The hard drives and metadata will n:ot be archived. 

The photography equipment and r,etention of the eledroni c form of photos taken du ring 
study conduct may not be handled in accordance with 4(1 CFR Part 160. The photos will be 
printed, ·1ifaled and dated, and archived in the study file forpenmnent storage_ 

An independant Quality Assurance Unit (QAU) may be engaged to review and certify the 
quality of lhe data recorded for the study. 
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J..0 A glossary a11d list of abbreviations may be found i1n Appendix J. 

4.0 Puf'pose 

-For o So'e,~orr,or<oW-

4.1 The purpose of this study is to evaluate the ability of a test substance to provide a 
ternporaiy reduction in the mJmber of bacteriophages/viruses lJ7 an aerobio!ogy 
chamber to support air treatment labeling claims. 

5,.0 Justification for Selection of the T,e.st System 
5.1 The stL dy design and test system comply vmh the U.S. En vironmental Proteclion 

Agency (EPA) OCSPP 8Hl2500 Air Sanitizers -Efficacy Data Recommendations 
(December 2012) vvith the folloVlling exceptions: 

5.2 An allowance has been inserted for testing of airborne viruses d1rectly. The Agency 
will be contacted for potenti al protocol mocliiications to accommodate such testing 
prior to implementation. 

6.0 Scope 
6.1 This document ou!Jines 1he procedure to assess the ability of air deoontaminatmg 

agents to inactivate representative viral pathogens in indoor air. 
6.2 Strict adherence to the protocol is necessary for the validity of 1he test results. Any 

deviati0i1 from the procedures described here must be documented and justified. 

7.0 Experimenta l Dates 
7 .1 The proposed experimental start date is Jan 25111 , 2022. 
7 .2 The proposed experimental termination date is June 1 0111 , 2022. 

8.0 Test Substance Ciharacterization 
8.1 In accordance with 40 CFR Part 160.105, test substa11oe characterization a.s to 

identity, strength, purity, solub ility, and composition, as applicab le, Vllill be 
documented in th is study. The stability, if appropriate, will be determmed prior to or 
concurrentty with this study. 

8.2 The sponsor v.~11 r;eport if the diaracteriza1ion and stability studies have been 
perfom1ed under GILP by filling up the Test Substa.noe Charaoterization GLP 
Compliance Assessment form, which v.~11 be appended to the study report. 
Characterization and stability studies, which will not be performed under GtP, will be 
exempted in the GLP compliance statement. 

8.3 A Certificate of Analysis summarizing the chemica l charaoterization Vllill be appended 
to the study report. Characterization and stability stud·es not availab le at the 
perfom1in,g laboratory will be exempted in GLP complianoe statement 

8.4 The test substance Vllill be prepared in accordanoe with EPA l ower Certifi ed Limit 
~LCl) Guidanoe in 810.2000 (February 2018). 

8.5 See Sectio 1 23.0 for chemical analysis of 1he active ingredient in the chamber's air 
to be conducted during the testing. 
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9.0 Test Substance 
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9.1 Test Substance · aJne: Lysol Neutra Air: Air Sanitizing Spray 
9.2 Test Substance Batch Number: e0032-170 
9.3 Test Substance Storag-e Conditions: Ambient 
9.4 Test Substance Preparatim : Ready-to-Use (:RTU) 

-ForoSo'e,~orr,or<oW-

9.5 Test Substance Application Method: Press the trigger of the spray-can continuously 
for 30 seconds and sweep back and forth aiming at the ceiling to treat the air. 

9.6 Test Substance Release Tune: 30 sec. (The release time indicates the time the test 
substance is sprayed into the chamber). 

9. 7 Test Substance Exposure Period: 10 min (The tcme fOJ which the test microbe is 
exposed to released chemical in theair wi[I be measu red and documented_ The 
concentration of the test virus in the chamber will be sampted for viability by 
collecting air samples during lhe exposur,e period ). 

9.8 The Contact Trme of a Test Substance in aerobiology is defined as lhe time 
required for the Test Substance to demonstrate the desired level of reduction {2:3 
log 1a reduction of the test microbe( s )}. 

9.9 The air temperature (e_g ., 20-25''C) and relatively humidity (e_g_, RH: 50±5%) in the 
chamber during each experiment witl be measured and recorded using a 
data!ogger. 

9.10 Test Substance Retention is the responsibility of the Sponsor_ Any unused test 
substance will be saved and sent back to RB_ 

9.11 See Section 23_0 for chemical analysis to be conducted during the testing_ 

10.0 labware: 
10.1 AJI items are to be steli!e and disposable; they are available from any supplier of 

scientific labware. 
10.2 Micropipettes with appropriate tips to accurately deliver 20, 100 or 1000 µL 

volumes 
10.3 Screw cap tubes - 2 mil 
10.4 Screw cap tubes -50 ml 
10.5 Screw cap tubes -15 ml 
10.6 Petri plates -150 X 25 mm 
10.7 Petli plates -100X 15 mm 
10.8 Serological Pipettes - 1 ml, 5 ml, 10 m'L, 25 mil and 50 ml capacity 

11.0 Persona 1: protective equiipment (PPE; all items listed below are availab e from 
suppliers of laboratory safety gear)_ 

11 .1 Safety glasses 
11.2 laboratory gloves 
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1.2.1 Deionized disnl led waler (DDW) or equivalent, for making reag;ent solulions and 
media. 

1.2.2 Luria Bertani (LB), to culfure lhe test host bacteria. 
12.3 LB Agar, to grow the test host bacteria. 
1.2.4 LBM Agiar(LB+0.07% Lecilhin+0.5% Tween .SO} to recover the phage from 

control a11d test samp es and for conducting s"lerility tests. 
1.2.5 Antifoam A concentrate (Sigma-Aldridge, St. Louis,. MO; Cat.# A-5633), is 

added to lhe bacteriophage suspens·on to be nebulized to reduce frothing. This 
autodave-steri lizab e silicon-based item is commonly used in feimentation systems 
and is devoid of bactericidal or bacteriostatic activity. 

12.6 Phosphate buffered saline (PBS). 
1.2.7 Glycerol is used for maki119 glycerol stock of the host bacteria 

13:0 SoH load (ASTM lnternaoonal 2CIB; OECD 2013; Springthorpe and Sattar, 2007). 
13.1 The soil load for incorporation into the ba.cteriophage / viral suspenoon to be 

nebu lized consists of a moou re of 1h e follo\llling thawed stock solutions in phosphate 
buffered saline (PBS; pH 7.2±0.2): 

13.1 .10.5gofyeas,te::dractin 1Clmlof PBS. 
13.1 .2 0.5 g of bovine serum albumin (BSA) in 10 ml of PBS. 
13.1.3 0.04 g of bovine mucin in 10 ml of PBS. 

13.2 The stock solutions of all three components of the soil load are sterilized by 
passage through a syringe-mounted (25 mm diameter) polyether su lfo11e (PES) 
membrane (0 .. 22 µm pore diam.). 

13.3 All three sollJlions are then aliquoted as 1.5 ml volumes and stored at -20±2~c 
vvith a shelf-life of at least one year. For short-term storage, the vials can be kept at 
4±:2ac for no longer than 90±5 days. 

14:0 General equipment 
14.1 Air Oi:splacememt Pipettes (Eppendorf or equivalent) \llli1h tips to dispense 100 to 

1 CICIO 1-1L volumes. 
14.2 Analytical balance, to weigh chemicals and to record and standardize inoculum 

delivery volumes as well as calibration of pipettes. 
14.3 Centrifuge to attam speeds of3,0 OOxg or higher, to allow for the sedimentation of the 

test host ce lls for the bacteriophage for concentration or washing , or both. 
14.4 FreeZ!er: At -20±2:'C is required for the storage of media, reagents, and additives. 
14 .. 5 Deep freezer: At -70~Cor lowerto store the stocks oftest microorganisms, 
14.6 Incubator: To mainta in a temperature of 36±1~C for the cullureof the test 

microorganisms and also for sterility testmg. 
14.7 Biological safety cabi11et (BSC), Class II (Type A): Cer1ified; p ease refer to Biosafefy 

in Microbiological and Biomedicar Laboratories (CDC 2020) for proper mamtenance 
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and operation of lhis piece of equipment The performing laboratory must have its own 
standard operating procedure (SOP) for lhe certification, maintenance, and operation 
of such devices_ 

14.8 Refrigerator: at 4±2~c for storage of media, cu lture plates and reagents. 
14.9 Autoclave, to sterilize culture media, reagents, and waste. 
14.10 Vortex mixer, to homogenize microbial suspensions. 
14.11 Ba Ian ce to weigh the nebul izer before and after spraying of the microb ial suspension. 
14_ 12 Waterbath 

15.0 Examples of S1peciallized equipment (Further detai ls are giiven in Appendix 1) 
15.1 The Air Trace® Environ mental Air Sampler {Particle Measuring Systems, Boulder. 
CO; http:/fwww.pmeasuriing.com/ho ne): For event-related colleciion of viral aerosols_ 
15.2 Six-jet Collison nebulizer: To generate microbial aerosols in the respirable range of0-5-

5.0 pm (e.g. , CH Technologies., 778 Garver Ave, Westwooc:l, NJ 07675, 
www.chtechusa.oom); cylinder of extra-<lry compressed air with pressure regulator and 
a back flow pre¥enter. 

15.3 Volatile-gas detector with a gas leak probe: To check for any air leaks from the chamber 
(e.g., Model BT-45; Quantum Instruments, Garden City, NY). 

15.4 Air temperature and RH meter. To monitor and record the air temperature and RH in lhe 
aerosol chamber via a wireless data logger (e.g., CAS Data Loggers, 8437 Mayfield 
!Rd., Unit UJ4 Chesterland, OH 44026); www.data!og:gerinc.com/l 

15.5 Magnehelic: To detect any pressure differential between the inside and outside of the 
chamber (Fig;ure 1 )(e.g., ITM instrument l:n c. 116975 Leslie St. Newmarket, ON L3Y 
91A1). 

15.6A muffin fan to evenly distribute the aeroso~ inside the chamber and to kieep them 
airborne during testing. 

15.7 Device for the 00Hectior1 of ~he test su'bst.moe from the chamber air: Aircheck 
Connect Sample Pump Cat # 220-4000. 

16.0 Virus and its l1ost for testing. 
16.1 Since contamination of stock cultures can negatively impa.ct the test data, ii. is crucial to 

a bide by the highest standards of GLP during all manipulations and handling of stock 
and working cultures. 

16.2 All manipulations of the test microorganisms must be perfom1ed in accordance with the 
biosafety practioes stipulated in the relevant SOPs of the perfonning laboratory. 

16.3 The following test organism will be used 

Table 1. Test Bacte.riophages I Viruses 

Virus (AlCC#] Host cell & !Incubation Justification 

MS-2 (1'5597-81) Escherichia coli (15597); Smal~sired (~30 rrn), non-envelopedv.tjth RNA genome; often 

36±1°C used as a surrogate for noo-e l'l1;\elopecl human pathogenic 
viruses (e,g., noro- ancl rninovirnses) 
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17.0 Maintenance, pass age, and storage of host bacteria and the test virus: 
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17 .1 Obtain standard strains of the host bacteria (lyophilized) and the bacteriophage to be 
used in 1he testing from a repllliab e source such as the American Type Culture 
Collection (ATCCJ- Every 18 mon1hs (or sooner if the q1..1ality of the stock culture is 
compromised) prepare riew stock cultures of the host ba.cteria from the lyoph ilized 
material. In case such a stock is Lmavailable, order a fresh culture directly from a 
source such as the ATCC. 

17 .2 Use the follov.~rtg prooedures to m itiate a rtd maintain in-house stocks of the cullures. 

17.3 Culture Initiation oflhost bacteria 
17.3 .. 1 Wipe the outside of the ampulelviaJ of the freeze-d ried culture "Mth at.owe ette 

prewelted willi 70% (v/v) ethanol and open it inside a laminar flow hood. 
17.3.2 Resuspend the freeze-dried material in rn ml of sterile LB . 
17.3.3 Usi~ a pipettor with a sterile pipette tip place 0.1 ml of the rehydrated 

suspension into each one of two 10.CI ml tubes containing 5.CI ml of sterile LB. 
Mlx well by shakmg 

17 .3 A Streak a loopful of the suspension onto two 100 mm diameter LB agar plates (pre
d ried to remove any accumulated water oo the surface of the agar) to obtain 
isolated oo!onies and mcubate 1he plates at 36±1°Cfor 181:2 h. 

17.3 5 Observe the plates for growth and typical colo11ymmpho!ogyof the biicterium. For 
example, the co.looies of E. coli should appear rou i d, convex,. ,entire, glossy, 
creamy- cofored colon ies - 2 mm in diameter 

17.3 .. 6 Prepare a smear from an isolated oolony, Gram-stain it and observe the smear 
microscopically under an oil-immersion objective (1 CIOOX) to ascertain that the 
Gram--reaotion/morphology of the bacterial ce lls is correct 

17 .3 ..7 If required, subject the culture to additional characterization by biochemical and/or 
molecular means. 

17 .4 Cryopreservatfon of c ul1!ures: Prepare a broth culture of the desired host bacteria 
species by inoculating Mth a flamed toop a colony from the LB agar plate into 9. 0 mL of 
LB broth and incubat,e the tube at 36±:1°C for 1.8±2 h. Add to this bro1h culture 1.0 m'L of 
a ut.oclave-sterili2!ed glycerol, shake wel I and re incubate for 2 h before mixing well and 
aliquoti ~ into labelled (wi1h rndelible ink) cryovials each displaying 1he source, scientific 
name, passage number, lot number and date of stora.ge of the test bacterium. Store the 
vials at -700C or below for no longer than 18 months. 

175 Host bacterial culture preparation: 
17 .1.1 Thaw fro2!en test culture quickly by ho ding the vial under running warm water from 

a tap or by immersing it in a waterbath at 45°C. 
17.1.2 To prepare a "Refrigerated Stock Culture·, Streak a loopful of the suspension onto 

a 100 mm diameter LB plates with appropriate antibiotic if necessary (redried to 
remove any accumu lated water on lhe surface of the agar) to obtain isolated 
m onies, and mcubate the pla.tes at the required temperature for 18±2 h. Wrap 
with P~rafilm to prevent drying and place at 4±2'C for no longer than 7 days. 

17.1.3 Inoculate one colony of the ~Refrigerated Stock Cultu re" into 1 Cl ml of LB with 
appropriate anti biotic if neoessary and incubate for 18±2 h. 
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17.1 ,,4 Using a Vortex-style device, resuspend the culture for 3-4 s. 

-For o So'e,~orr,or<oW-

17 .1..5 Assay the flu id to be nebulized for PFU before and after nebulization by making 
five 10-fold dilutions (e.g. add 1.(1(1 µL to 900 µL of PBS). Spread mo u'L of each 
the last three dilutions on a 10() or 1:50 mm plate of LB agiar medium containing1 
the host oells in duplicate. 

17.1 .. 6 Incubate plates for 18±2 h. Record the PFU and also observe them for any 
extraneous microbial contamination. The test data would be invalid in case any 
contamination is detected. 

18.0 Basic design of the aerobiology chamber: 
18.1 Appendix 1 summarizes the details on the specialized pieces of ,equipment used in the 

protocol. The equipment and materials listed are examples only and may be 
subsututed \llllth equivalent ilems from other sources. 

18.2 The aerosol chamber (Figure 2) is an enclosure wilh a volume of 900,_() ft3 (25.00 M3) 

located inside a d ean room with neg,ative pressure and control eel access. The 
chamber's walls are made out of wipe-able, solid coroplastic sheeting 
(https://www.homedepot.com/p/Coroplast-48-in-x-96-in-x-0-157 -in~White-Corrugated
Plastic-Sheet-C:P4896S/205351385) affixed to a framed structure to represent the 
walls to maintain an airtight seal . Sealab le ports, window and door provide access to 
the ir.side of the chamber for maintenance and to place and remove any monilori ng 
devices to be used. The walls should be grounded properly to dissipate any static 
electricity that may accumulate. 

18.3 While the chamber can be used with all major dasses of microorganisms at biosafety 
levels (BSL) 1 and 2, the CDC guidelines (CDC 2020) recommend that extra safety 
precautiofliS and operational requirements be in p!a.ce for work with experimental 
aerosols of all such microorganisms. The negative pressure and controlled access to 
the chamber are designed to provide this additional protection, tumingi it into 'BSL-2+' 
facility. 

18.4 In accordance with the current EPA guidelines (2012), the chamber does not permit 
any air exchanges; nor does it contain any fumi1ure or fixtures in accordance with EPA 
81'0.2500 studydes·g,n descripoon. Furniture and fixtures are not placed in the 
chamber inside of the BSL facility due to biosafety and decontamination conoems over 
the multiple test dates over a long period. 

18.5 The chamber's internal environment is monitored throughout an experiment \llllth a 
wireless relative humidity (RH)/air ten1perature se 1sor/data logger system (e.g., CAS 
Data Loggers, 8437 Mayfield Rd. , Unit 104 Ghesterland , OH 44026); 
v,wy,r_dataloggerinc.coml) and r,ecorded on cloud for subsequent download and 
analysis. 

18.6 To assess the airbome survival of the test bacteliophages or to determine the activity of 
any air treatment technology, the air in the chamber is sampled at the rate of 
28.3 Uminute using an exramally placed slit-to-agar air (STA) sampler with a built-in 
vacuum pump. This programmable device can be set to operate for a minimum air 
sampling time of 30 seconds to as long as five hours depending to the ST A mode I, and 
the actual lengttl of sample col edion time vvitl be determined by the anticipated load of 
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viable bacteriophage / viruses in the air of lhe chamber. The air exiting the sampler is 
discharged directly into a HEPA incorporated in the device or into the BS!L-2 facility's 
HEPA-fiI1ered exhaust system. For the baseline value, the concentration of the test 
bacteriophage I virU1Ses in lhe nebulizer flu id should be adjusted to achieve a min.imum 
of 4.2 log10 to a maximum of 5.0 '°910 PFU per m3 at the start of the treatment Here ii. 
should be noted that a recent review indicated that semi~solid impactors are more 
effective than liquid impingers for air sampling for virus detection (Borges et al. , 2021 ). 
That is why CREM Co Labs prefers using STA for air sampling. These controls w'ill be 
shared across the 1hree required test lots and will be schedu led to bracket testing 
(e.g., tviio ca,trol nms prior to test lots and one control run after). 

18. 7 Between experiments, the air inside lhe chamber is replaced with fresh air using a 
vaclltlm pump an.d lhe exiting air directly discharged into a BSC located in the clean 
room for a minimum of one hour. 

18.8 The Sta rt and Stop times ( clock times) w'ill be recorded for 1he app liration of th•e 
treatment to 1he air. The official exposure period or contad lime begilliS upon 
comp etion of the release of the test substance which should begin after the nebulizer 
has completed the 'I 0-minute release of the test bacteriophage / virus, five minutes 
for stabilization of 1he aerosolized microorganism and lhe 2 minlJlte pre-treatment air 
samp e is taken. 

18.9 Any spray device can also be placed inside 1he chamber and activated from the 
outsid:e or by accessing it v..iith the gloves affixed to the chamber (Figure 2). The 
!abe!ed use directions will be based upon the test substance application procedure 
used during testing . 

18.10 A magnehelic is affixed to the outside of the chamber is to visually indicate on a 
continuing basis any pressure differentia l between its internal and external 
atmospheres. Any pressure differential v..uuld be regarded as ind icative of a breach in 
the integrity of the chamber resulting in the immediate te rrnination of 1he test 

18.11 The Coo tact Time of a Test Substance in aerobiology is defined as the tm e required 
for the Test Substance to demonstrate 1he desired level of reduction {23.0 logHl 
reduction of the test microbe(s). Appropriate sampling duratron and interval should be 
determined d uri ~ R&D tests before GLJP studies. Getting countable colonies on the 
sampling plates and having the minimum limit of detection are llNo imporlant factors 
which determine the appropriate sampling du ration and intervals betNeen sample 
collections. The air wi II be sampled for the same duration and at the same intervals 
for each lot of a Test Substa nee. The sampling will be continuous during the effira.cy 
test to improve the limit of detection and w'ill continue for approximately 5 minutes 
after lhe point where the 3.0 log10 reduotion is achieved by the test substance. 
Sampling time for 1he control tests will be discrete and the period of sampling will be 2 
minutes to g;et countable PFU on each air sample plate, not fewer than five air 
samplings per microorganism will be collected in any given test. 

18.12 The air will be sampled as shown in Table 2 and Tab!e 4 for Test Substance and 
Controls, respectively, to recover countable PFU on sampling plates and to improve 
the Ii mit of detection as much as possible. Each test fat will be evaluat,ed in three runs 
of the chamber for the test bacteriopha.g.e. 

9
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19. 0 Exper imental Design: A g.e ne ric sequence of 1he main steps in the operation of the 
chamber is given in the Flowchart below. 

fllowchart 
Day 1 : Control Test 

SWitch on circulation fan; 

Check environmental para rneters a,nd adjust as needed 

Ru n an air sam p'ler for 2 mi nut es for badkground contamination 

Nebu I i.ze bacteriophage for llO minutes 

low to stabi li~e for 5 minutes for uniform distribution of test mia-oorgllnism in the 

ch amber air 

Collect anoth er 2-minute Baseline air sample to confirm 4.2 -5JJ log10 PFU/m3 

Collect air sam p!es for bacterioph age analyses at intervals li.sted in Table 4 

Rush chamber with fresh air for at I east one hour to decontaminate it 

Day .2: Eff icacy Test 
SWitch on circulation fan; 

Check environment parameters and: adjus as needed 

' Run, an air sampler for 2 minutes for background contamination 

10
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Nebuliize bac eria for 10 minutes 

Page 11: of 34 

Allow to stabilize for 5 mirutes for uniform distribution of tes microorganism in tile 
chan-verair 

Collect another 2-minute Baseline air sam e io confim14.2 -5.0 log,, PFU/m~ 

Introduce test sul)stance for 30 seconds inside the chamber 

Coll'ect air samples for bacteriophage analyses a intervals and du-atian listed in Table 2 
to support claims 

Flush, chamber with fresh air for at reast one hour to decontaminate it; 

Repeat for addiiional: replicates/lots/controls 

20 .0 Method for Contro of Bias: None 

21.0 Operation of the aerob iology chamber 

-For oSo'e, ~orr,or<oW-

21.1 Actuate the 'muffin' fan (e.g. Coo.Itron AC Fan, Model FA8038B11 TT-51 , 
80x80x38mm, 7Blds, 115V AC ,50/60Hz, 1119W, 26131 CFM) placed on the floorof the 
chamber di reedy underneath the nebulizer inlet pipe (Figure 2) 10±2 minutes prior to 
nebulizalion of the baderiophage suspension. Leave the fan on for the du ration of a 
given test to maintain uniform distriibu1ion of the aerosolized particles in the air inside. 
Between experiments, wipe the outside of the fan with 70% (v/v) ,ethanol for 
decontamination. 

21 .2 Check temperature and RH. Adjust if needed. 
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21.3 Connect the inlet of the STA sampler to a PVC pipe (ID 2.0" or 5.0 cm) which extends 
rnto the center of the chamber (Figure 2). 

21.4 Place a 150 mm d iarn. disposable Petri p!ate wi1h LB M agar or equivalent growth 
medium inside the sampler. All agar plates used during testing will be equilibrated to 
room temperature and lhe surface of the medium dried prior to use. Colle ct a 2-
minute sample using a ST A air sampfe r to measure the background baderiopha:g e 
contamination prior to test initiation. After collection , retrieve and incubate the plate 
alongside the test plates. 

21 .5 Attach an externally placed six-jet Collison n.ebulizer (Appendix 1) to the port on the 
chamber, connect the nebulizer to a compressed air cy[inder (Figure 2) and then 
adjust the air pressure to 25 pounds/square inch (PSI) to nebulize the test microbia l 
suspension for 10 minutes. Allow the bacteriophage to circulate in the chamber an.d 
stabilize for 5 minutes. 

21.5. The level of bacteriophage in the fluid to be nebulized an.d the volume 
nebulized should be previously determined to obtain recovery plates with 
countable numbers. The samp ing times and nebulized fluid should be 
predetem1ined to achieve a minimum of 4.2 log 10 to a maximum of 5.0 
og1a PFU per m3 in the baseline. 

21.5.2 Any plates with plaques whidi are too-numerous-to-count (TNTC) W'ill 
invalidate the corresponding sampling IX)int For the plate of the first 
sampling IX)intwilh no visible growth, use a value of 1.0 PFU to take cnto 
account the maximum error in the detection limit of STA air sampler. 

21.5.3 Weigh the nebulizer before and after nebulizalion to determine the 
volume of fluid nebulized. Each gram of weight is regarded as equal to 
1.0 ml of the fluid. 

21.5.4 At the end of each experiment retrieve, decontaminate, clean and 
autoclave sterilize the pipe and the quick connect attached to the 
nebulizer. 

21.6 Place another 150 mm diameter disposable Petri plate with LBM agar medium (agar 
surface predried) inside the sampler. Collect an 2-minute air sample to measure the 
baseline bacteriophage level in the chamber ("Baseline") . This vatue se:rv,es as the 
parallel, untreated oonlrol. After col eotion , retrieve and incubate the plate alongside 
the test plates (Zargar et. al . 2021 ). 

21. 7 After Baseline sampling, the Test Substance is sprayed into room air from a spray 
can to treat the air. The can will be a ciivated for 30 seoon.ds by pressing its button via 
the built-in access gloves (Figure 2),. Shake test aerosol spray-can well before use. 
Hold can upright, press button and spray towards the center of the aerobiology 
chamber in a sweeping motcon. The start and stop times (clock times) v.~11 be recorded 
for the application of the treatment to the air. The official exposu rce period and contact 
time beg in upon comp etion of the release of the test subs1ance _ 

21. 7. Air treatment is omitted when conduciin.g the Bacteriophage-Stability-in
Air Control. This control is con.ducted to measure the survival and settle 
rate of the test microorganisms in the chamber over the test period. 

12
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21 .8 When condu ding the Efficacy Test, after comp eting 1he release of the test 
substance, start sampling 1he air continuously following Table 2. After incuioation, each 
plate of efficacy test should be divided into 4 or more sections and the PFU in each section 
will be counted and recorded. The midpoint of each section will be used as1he sampling 
point and a quarter of the total sampling period of th:e agar plate will be considered as the 
sampling period for each section (Fig;ure 1). 

fabl!e 2: Samp ing Times fo the Test St11bstance 

Sampl'es Salllpling Duration Four Sections on each recovery plates (m·nutes) 
(minutes) #1 #2 #3 #4 

Baserneu -2 toll Section Sampling Time Period and Mean Contact Time 

1 

2 

o·to10 0-2.5 2.5-5 5-7.5 
(1.25) (3.75) (6.25) 

110~20 10-1!2.5 12.5-15 15-17.5 
(1 .25) (13.75) (16.25) 

* Time O start after firnshmg 1he a pp l1catlon of th:e test substance 
** Sampling for Ba,seline can be shorter to get a countable PflJ on plates if the ST A 
machine has the capability. 

7.5-10 
(8.15) 

ff5-21l 
(18.75) 

Figuire 1 a shows an examp!e for dividing sam ing plates longer than 2 minute and 
counting PHJ in each Section. Figure 1! b shows a baseline plate IM'lich has been 
samp eel for 2 minutes. Table 3 is an example showing how 1he counted PFU's are 
recorded in a table to be used for cal cul anon of Log 11 Cl P FU/m3 at ea.di t ime point 
folloW'ing Appendix 2. 

l.! min 

6,2~ 

~ITU) "' 

a) Effica.cy test, 0-10 min sampling b)Baseline plate, 2 min 
sampling 

Figure 1 ) Dividing plates into fou r equal sections and counting PflU at each 
section 
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Table 3. Sampling duration for the test su bsfance for test ing against baoteriophage. 

Period of air Trme (minutes) at 
Sections sampling which sample 

(minutes) was col ected 

Baseline 2 (J 

1 0-2.5 1.25 
2 2.5-5 3.75 
3 5-7.5 6.25 
4 7.5-rn 8.75 
'"Too numerous to Count, if1he PFU 1s TNTC 

21 .9 When conducting the Bacteriophage-Stability-in-Air Con1rol use Table 4 for sampling 
time and duration . The PFU on each 2-minute sampling plates \Nill be counted and 
recorded. 

a :e : T bl' 4 S amp mg rnra Ol'l or tne ontro l"DtiflC IT est 
Sanpllng 

Samples Sampling time point {minutes) Duration 
(minutes) 

Baseline 0 -2 to o 
1 5 4-6 
2 10 9-11 
3 15 14-16 
4 20 19-21 

21.10 In order to ca lculate the time in vmich the test substance demonstrate :B.O log1a reduction 
(contact T ime), PFU/m3 \Nill be calculated for each sampling time point using the counted PFU 
on 1he con esponding sedan following lhe fomiula presented in Appendix 2. The log10 PFU/m3 

\Nill be plotted for each sampling time point for control and efficacy tests. The time in wh ich the 
test substance demonslratesJ.O log10 reduction in PFU/m3 will be calculated following 
procedure explained in Append ix 2 The !og1 PflU/m3 rurve of control and efficacy test \Nill be 
estimated w'ith a straight line using linear regression through the contact time. The fog reduction 
at contact time v.~11 be calculated by subtracting log1 PFU/m3 of the efficacy test from that of the 
control test (Appendix 2). 

21.11 Using a towelette soaked in 70% (v/v) ethanol, wipe the outside as well as readily 
accessib e ins"de surfaces of the STA sampler after each test. Similarty, decontaminate lhe 
outside and ins-de surta.ces of the air sample collection pipe (Figure 2). 

22.0 Confirmation of neutralization of active ingredient(s) piri'or to testing 
22.1 LBM agar medium will be used to immediately arrest the bactericidal and/or 

bacteriostatic activity in the samples to be collected. 
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22 .2 IN eutralization Test will be performed on ,each lot by introducing the test substance into 
the chamber for 30 sec. 

22 .3 Collect a 1 0-minute air sample using an ST A sampler containing a plate with the 
recovery agar medium_ 10 minutes is the longest sampling1 period for an agar plate in 
this study; therefore the plate will contain the highest possib!e level of active ingredient. 

22.4 Within 30 minUiles after collection of the air sample, spread over the agar plate 100 µL of 
the test microbial suspension diluted to contain _s.100 PfU per pla.te_ 

22 .5 For controls, (a) use the same procedure to inoculate two unexposed plates containing 
the neutralizer and two unexposed plates without the neutralizer, and (b) one agar 
plate from the same lot as sterility control_ Incubate plates at 36± 1 °C and observe 
them after 18±2 hours of incubation. Gounhmd record the PFU. The perfom1ance 
cmeria are no more than a 50% difference in the numbers of PFU on (a); and (b) 
shou d be free from any visible growth. 

22.6 The neutralizer is regarded as effective if the number of PFU on the test plates is within 
7 5--125% of the P FU count on the control plate (OECD 2003). Any bacterial or fungal 
growth on lhe sterility control plate would invalidate the test 

22.6 One neutralization validation test will be performed per lot and shared with all relevant 
test protocols. 

23.:0 Collectio1 and analysis oftest chemical(s) in the air ofithe chamber 
23.1 Collect air samples from a run of the chamber without the test strain for each lot of test 

substance following Tabte 5. Label each samplcng tube and rap them in parafilm and 
pack. property. The samples should be kept under ambient condition and shipped to RB 
for analysis using a reliab e courier service. 

Tabl:e 5: Samplling Dura ion fo the chemi:cal oo loction and analysis 

Period of air 
Sections sampling 

(minutes) 

Bacqround 2 
1 0*-2 
2 4-6 
3 9-10 
4 14-l6 
5 19-21, 

* Time (I start after finishing the applicaition of the test substance 

23.2 The conoentrafon of Dipropylene Glycol - DPG in air is to be analyzed at RB using the 
method described in Appendix 5. 

23.3 One chemical collection test will be perfom1ed per lot and shared with all relevant test 
protocols. 
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23.4 Orie chemical collection test will be performed per lot and shared with all relevant test 
protocols. 

24.:0 mncubation 
24.1 lncubal:e all test and control plates at 36±1°C and observe them after l8:l:2 hours. 
24.2 Enumerate survivors and calculate bacteriopha:g;e survival/reductions. 
24.3 See Appendix 2 for calculations. 

2 5.0 Quality Control 
25.1 Sterility Control: One plate of growlh medium will be in cu bated alo~s · de the test p lates. 

All reagents will be evaluated by plating 1.0 ml 0 11 growth media and incubated alongside 
the test. The acceptance criterion for this control is lack of visible growth. 

25.2 Viabilify Control: The growthln:eulra.lizing media will be challenged in duplicate with <100 
PFU bacteriophagefvin.1s and incubated alongside the test to confirm the media can 
support lhe growth of low numbers. 

25.3 Purity Control: A streak plate will be prepared of 1he host test culture and incubated 
alongside the test to confirm the purity of the tesl: culture. The acceptance criterion for this 
control is the demonstration of a pure cultur,e. 

25.4 "Bacteriophage Stability-in-Air" Control: This control is conducted as described in 
Section 20.0 omitting treatment with the test substance (Section 20.9). This control 
measures the survival an<l sett I ing rate of the test microorganisms in the chamber over 
the test period. Theie are no acceptance crn:eria for this value. This value is used in the 
calculation of the log10 reduciion perfoffilance. Such a testing will be conducted at least 
three t imes for the baoteriophage and shared with all relevant test protocols. 

26.0 Statistical Analys i:s 
2 6.1 The data. ,..,~II be sLJlbjected to appropriate statistical analyses for the preparation of 

the final project report. Such analyses will include, at a minimum, calculation of 
standard deviations (SD). 

26.2 Method for Control of Bias: None 

27.0 Study Acceptance Criteria: 
27.1 Test Substance Perfom,ance Criteriat: After correciion for aerosol settling and natural 

biological decay, the test substance must demonstrate :!!99.9% (~.O log 10) reduciion in 
the viability of the bacteriophage over the parallel untreated control. 

2 7 .2 If cytotoxicity is present, the virus/bacteriophage t iter should be increased if necessary to 
demonstrate a~ log10 reduciion in PFlJJm3 beyond the cytotoxic level. 

27.3 Baseline Acceprance Crn:eria: The control rerovery must demonstrate a minimum of 4.2 
10910 to a maximum of 5.0 log10 PFUJm3 at the start of lhe treatment for a valid test. 

28.:0 Col!ltrol Acceptance Cfiteria: 
28.1 All sterility controls must be f ree of any visible growth. 
28.2 Viabilify Control must demonstrate growth in all media with <WO PFU/plate. 
28.3 Purity Control must demonstrate a pure cu lture. 
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28.4 eutralization Validation: The mean number of PFU on the plate unexposed to the test 
substance a n.d those on 1he plate exposed to the test substance must be within 50%. 

28.5 Magnehelic readings must indicate no le.aks in 1he chamber during an experiment. 
28.6 Air temperature and RH readings must stay with in range required for the test 

29.0 Retesting G'l.lidat1ce 
29.1 For tests vmere Ute product passes and the mean Baseline value is above 5.0 log10 

PFUlm3, no retesting is necessary. For tests where the product fa ils and the mean 
Baseline iS above 5.0 log10 PFU/m3, retesting may be conducted. Fortestswhere 
the product fails and the mean baseline is less than 4.2 log10 PFU/m3, no retest is 
required 

30.0 Protoco Cihanges 
30.1 Protocol changes or revisions, if needed, will be documented induding the r,eason 

for the chan.g;e, signed/dated by the Study Director and Sponsor, and described in 
the study ieport. SOPs wed in the study v.~11 be ffle effective version at the time the 
study wi II be conducted . Changes in SOPs not iequired by the protocol will be 
documented in the raw data and approv,ed by the Study rnreotor. 

31.0 Study Report: 
31 .1 The study report will in.elude all elements listed in OCSPP 810.2000 (2018), 

810.2500, 40 CFR Part 160.1 85, and EPA Pesticide Registration Notioe 201 1-3. 

32.0 Study Retention:: 

32.1 All original raw data for this study will be archived a.t the Test Facility until study 
completion including all handwritten raw data for oonlrol and test substances (e.g. 
notebooks, data V110rksheets, and calculations), protocol amendments/deviations. 
SOP deviations, study specific correspondence, original signed protocol, and the 
signed study report. 

32.2 All facility records for this study will be archived at the Test Facility until study 
completion including SOP, referenced methods, QA reports, equipmffi1t logs, 
equipment calibration and maintenanoe logs, reagent preparation and quality control 
reoo.rds, personnel trarning, education, and experienoe records, etc. 

32.3 Following study completion, the Test Facility will keep all ra.w data and certified 
copies of facility records for 5 years before transferring them to the RB GLP 
Archives (Montvale, INJ). 
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For confidentiality purposes, y Information will be released only to the 
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Figure 2: Aerobiology Test Chamber with Essential Components (900 ft3 or 25 M3) 
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Appendix 1 

Examples of additional special ized pieces of equipment required 

Equipment {Cali) 

1. Collison six-jet 
nebuliz.er (Model: 
MRE Cr-124125) 

Manufacturer 

C H Tech., Westwood, 
NJ U7675: 
a:w1· IDbaltJian QCf 

Purpose 

Generate 
arbome 
p;;ncles in the 
resp<ab~ 
range (0. 1-:5.0 
µmin diam.). 

Design fe.a.ture~J ustification for 
use 

At al a pressure of about 25 psi 
(17237 kPa) from a pmnp or 
ccmpressed a'"r cylinder is needed 
for apera1ion. The glass resenioir 
receNes 15 ml of the bacteriophage 
/ mtS-soil mixttn and it is weighed 
before and after nebt.mafion to 
determine e volume aerosoized 
and ma)' be used to estimate the 
nurrt,er of PFU ~ into the 
chamba air. The liquid to be 
nebulized contains antifoam to 
reduce e:iccessive "oaming dwi'lg 
nebulization. 

This type of nebulizer is favored in 
microbial aerobidogy due to its 
VKSatile and well-characierized 
naha"e. The "S ize range of particles 
generated by it noc only are i, e 
re!ipSable range, but the ci'"oplet 
nuclei arising from them can remain 
SU'!ipend-ed in air for periods long 
enough to study biologic.al decay 
andJor the impact CM physical or 
chemical agents on the viab ity af 
airborne inKtious .nicle:s-

Maintenance/Ope,ation 

The entire unit, vdlk:h is made 
of metal & glass, can be 
readily washed and 
aitoclave--!i terilizEd bE-TWE-en 
uses. 

The nebulizer may be placed 
inside a shaner--proof plastic 
housing as extra workplace 
"Sa=E'ty p-ecaution SI case o • 
MtJ leakage ar breakage Dt' 
the n ebulizef"s glass 
cantaGer. 

This deYice does not require 
an, periodic recal ibration_ 

--For o So'e,~orr,or<oW-
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2. RTR-500 serie; da.r::a 
1oger RTR-S(l}L for 
ruari,•, buridiiy & 
air cempenrure (cat. 
RlR-503L) 

3. Sampler sCl-to-agar 
(ST A) sampler. 

CAS Data LogQEl'S. 
8437 Mayfield Rd_, Unit 
104.ctle5ter1and, OH 4 
4026 
www.daialoggerinc.com 

PinJXm1 Scientffic Ltd. 
1st Floor, Nonh Road, 
Bridgend kldustrial 
Estate, Bridgend, , C!'31 
3TP; 
sal.e.s@pinpoill1Sciectific:.c 
.!!!!!l-

Or 
Particle measuring 
sys.1em 5475 Airport 
Blvd Soulder. Colorado 
00301 USA 
T: +1303413 7100. +1 
800 238 1801 
W: 
WWH.pme-asuriig,-c:om 

Remotely -·record relative 
hu -

(RHY•• 
temperature m 
lhe<hamber. 

Collea 
arbome 
bacteriophage I 
1/amona 
timed and 
event-related 
basis . 
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Rl-1 and .U ternperatoe .re amcng 
the crucial factors a..'"fecmlg microbial 
sovival SI air. They ma)' also 
infuence the efficiency of arr, ar 
decontamination technol0g1 beal,g 
assessed. 

The recorder is designed to send 
data wireless!)' to a remote 
oomputer a1 an adjustable time 
intaval . A 5-minute interval is used 
for data ca ture. 
A disposable pl~tic Pe:iri plate ( 150 
mm diam. X 15 nvn in height) ~ 
nutrient agar {75 ml) is placed en 
the sampel's rotating platform o 
ocleol aaosols b)' iq,ir,gernen1. 
and the distance between the 
bottom suriace of the slit and the top 
smface of the agar is autorna-tic~ 
adjusted b op-timal particle 
impingement. The sampler has a 
built-in vacuum pump to liaw in the 
air to be sampled. and a timer to 
permh adjustment of air sc1Tipl:ilg 
dura: on from a milimmn of 2 
llWIU'i.e-s to a rnaunum of 5 hows. 
At the end of the sampling lime. the 
plate is removed ard incubated. 

The samplet" automa1icaly controls 
the air sample <:eeeclion rate at 28.3 
Uminute. It can also record 
sampling data ~ or subscequent 
download to a corrputer. 

This deYice req\Ses yearly 
recalibration by the 
manufacturer. 

Ooe:!:t not rec,iire any 
-stamation between uses but 
a srmple ~e-down with a 
disinfKtant-soaked towelette. 
&fore each use, the a:1-inlet 
rnus.t be inspected to ensure 
that the slit is free of any 
OOStructiDns. The volume of 
;he agar i"I the Petri plate 
mus1 be precisefy measl.ff'd 
to maintain a specific 
distance between lhe surface 
of the agar and the bottom al 
the slit The agar suiace 
mus1 imo be free of alr'j 
wate, drops befcn> placement 
i"llhesarrpB". 

The sampler has a built-9l 
tubular HEPA lter a~ the 
ahaust with a flow•SEnSor to 
O:Bcate when the lter needs 
reih:ement. 
This device requi"es yearly 
recalibr.i:ion by the 
manufacturer. 

--For o So'e,~orr,or<oW-
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Study#: RB2201 15-MS2-02 
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4. Volatile -gas leak 
de-iector and probe 

6. ~men1 and 
accessories to 
coDect samples of 
die test chemical 
from the chamber. 

uanttan lnstnanen1S; 
ModelBT-15 

Coottron AC fan, Model 
FAB□3B81 IT7-51 . 
B□xBOl<3Bnvn, 7Bld• , 115 
VAC,50/60Hz, 1119W, 
2613 ICFM, N'idec Alpha 
V. TA300. Model 
A31022-20, PIN: 9=14 
3..0 inch/7.62 cm diam.: 
output30CFM 

Calibra;tor: chek-rnate 

Cafbratcr, O.ffi to 5 

Umin, with NIST 

Certific.atioo. catalog i 
375-0550N 

httpsJlwww.sk.ciic.com" 

prod.Jctslche -mate-

calibrator-050-to-5-1-min

I 

Pump: Universal 44:xR 

Sample Pump Sing~ 

Kit. catalog # 224-

«XRXD 

To-detect; an, 
IWs Sl the 
chcmber. 

To keep the 
aero;oliz.ed 
mac=DA!s. 
ullifonnly 
SU=-"1le?ll:i.9dil!..;rdl! 
tbecbamber 

To oolect ai
s.ample for 
analysis of 
•Olive{•). 
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The deYice could detect either 
hydrogen gas from a cylinder or 
glycol introduced into me chamber 
uSfig a fogger . 

R.eh:ti\.~ ~ siz.e 'ilitb ;ufficiem air 
OCJ'il' oo keep ch.e bil.Cmi.ophagelviru_; 
aod tbe cbemic.al.s suspe,Dded in: air 

Air-s.ampmg pgnpw h a l"
colection tube. 

Replace banery whE!I 
stabmation be-eps are 
prolonged past 1 milute. 

Require; 'ilipfng of ein.en:w 
:illl!3ces with 70,.~ (vlv) ethaool 

Pump flow-rare needs to be 
calibrated. FCf' maintenance, 
foUow the i'tstructions 
provided by e mamtacturer. 

--ForoSo'e,~orr,or<oW-
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Study#: RB220 115-MS2-02 
Study Plan/Protocol#: RB220 11 5-MS2-ll2 
T es1 Substance ID: Lysol Neutra Air: Air Sanitizing Spray 
Formula No: e0032- 169, 811tch No.: e0032- 17D 
Sponsor: Reckitt Benck.is.er. L.LC r: 

t-.ttpsJlwww .sk.ciic.comr 

prod.JctsJuniversal-44,cr

siifflPle-i>ump-single-kit-

1 

Tubes: Sorbent Tubes, 

XAD-7 OVS, catalog # 

226-~7 

httpsj'fwww _s);cin 
c.corrJproductsJs 
orbent-tut:E:!i
xad-7~ovs- 1 

--For o So'e,~orr,or<oW-
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Baseline Concentrat ion: 

Page 25 of 34 

APPENDIX2 

Considering that the sampled air has the same bacteriophage concen1ration as the air in the chamber, we 
get the following equation 

_ . . Pli'U 01> th e,ampJsd pl<> te ( 1 ) 
Baselme concentnitum = v olume of ths sampl•d .,;.-

As the volume of the air sampled relates to the sampling rate and the duration of sampling, Equation (1) 
gives us 1he baseline con ce;ntration as follows: 

Baseline con centration = . ,n,u on th_e ,amp1edpl_ate . . (2) 
ssmptin,g ratexdurnnon ,of .mmpJmy m mmutes 

The STA sampler samples air at the rate of0.0283m3/rnm. For ,example, if there are 2516 PFU on 1he 
baseline plate \/ll1lh a 2-minutes sample, the baseline concentration can be calculated as follows: 

2516 PFU 
Baseline concentration = 3 = 4-4452.30 PFU /m3 

0.0283 11~ x 2 min 
min 

'M"lich is equal to 4.65 log1a PFU/m3 

Bacteriophage ooncentration. in cham:ber air: 

For the nth sampling plate, similar to equation (2) we can write: 
Bacterial concentration int.he chamber air = Pro "" th~.rompJ.~d pi. ,., (3) 

sarnpll ng r.1.te11": di.rrat: £or.1 of sa.mpU'Jls . ,.. mlnutr.s 

Removal of the air from the chamber due fo colfection of each samp e dilutes the bacteriophage 
concentration. The correction factor required to address this is defined as: 
Dilution Correction Factor f 0 1· nth sampled plate = 

Valu:m• of th• chamb,.;r 
Volu:m• ,of th• rhamb..-- aemp!in~ rate xdu:-ratfon of sampling i-n minutes.,n 

Therefore, th.e total bacteriophage concentration corresponding to the nth sampled plate can be 
calculated as follows: 
Corrected Bactm·ia/ concenn·ation i-n the chamber air = 

Volume of the chambe1· 

Vo lume of the chamber - sampling ratex duration of sampling in minutes * n 
PFU on the sampled plate 

x-----------'--'---------
sampling rate x duration of sampling in minutes 

For example, if the th ird 2-rninute sampling plate contains 1 PFU, v-:e can ca lculate the corrected 
bacteriophage concentration as follows: 

Con-ected Bacte1'.i.a concentratimi in the room 
24.34ma 

a 
24,.34 ma - 0.0283 m x 2 minx 3 

nun 
'M"lich is equ.al to 1.2 log,o PFU/nf 

l PFU PFU 
x ---.- 1n~i~· ---= 17.79 -~-na-

0.0283 - .- x 2 min 
min 

(4) 
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Calc-ulating biological Decay and the Efficacy of a substance 

-For o So'e,~orr,or<oW-
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To evaluate the efficacy of a test substance, the rate of biofogical decay of !he challenge bacteriophage/virus 
species in the air of the chamber is determined first. Th is is equal to an untreated paral lel control. Then, 
another experiment is conducted (efficacy test) mere the test substance is released into the chamber. Since 
the initial titers of the two e.xperiments may differ in practice, the data for the untreated parallel contra.I is 
1ransformed so that ils initial t iter becomes equal to tile initial titer of the efficacy test. 

Figure 3 sho\f\lS PPU recovery oo1a from the untreated parallel control experiment, transformed untreated 
parallel control and efficacy experiment Log1 □ reduction at each sampling time is equal to the vertical distance 
between the transformed untreated parallel control line and the line for ilie efficacy lest. 

... 
g) 
0 

...I 

Decay IS ettling 

- Log1 Reduction 

■ Untreated Parallel Control 
* Transformed Untreated Control 

• Efficacy Test Dara 

lime 

Figure 2: Schematic of log reduction and bio~ical decay 

Calculation of Co tact Time (ttle time in wh,ich the chemical demonstrates 3.0 Logrn 
reduction} a.nd ca.lc11 lation of Log110 reduction at a specific time 

The bg10 PPU/mJ curve of efficacy test and the transformed control are estimated Vllith a line using linear 
regression through tile contad time. Assuming we get the follow'ing equations for transformed control (y1) 
and efficacy curve (y2): 

y1=-0.O049t+4.7173 

y2=-0.81 54H4.7623 

Subtracting Equation y2 from y1 gives: y1-y:i:=i0.8105t-0.04.50 

(5} 

(6} 

(7) 
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The C.Onract Time (minuiles) in which the test substance demotliStrates 3.0 lo910 redudion) can be 
calculated from equation (7) by substitution y1-y2 with 3 log10 PFU/m3 as fotlow: 

F0.6105t-(l0450 ....,. t=(3-t0.0450 )10.8105=3.76 min 

Similarty the Log reduction at a specmc t ime can be calcu lated from equation (7) by substituting 
the t ime. For example 1he log 10 reduction at 5-minute can be calcu lated from equation {7) as 
follows: 

y1-y2=0.8105*(5)-0.04=4.01 logrn PFU/m3 

log1a reduction is used to evaluate the substance efficacy. A 2-: 3.0 log reduction is considered to 
meet the perfonnance criterion. 
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Study Plan/ Protocol #: RB220 11 5-M S2-02 
Tes Substance ID: Lysol Neulra Air: Air Sanftizing Spray 
Formura No: e0032-169. Batch No.: e0032- 170 
Sponsor: Reck . Benckiser, LILC 

Tenn 
Aerobiolbgy 
Air sanitization 
NlebUlizer 
Nlebulizer fluid 
Refrigerated stock 
Slit-to-agar (ST A) 
air sampler 

Soili load 

Appendix 3: Glossary & Abbreviations 

GLOSSARY 

Definition 
Study of the behavior of microorganisms, pol len and allergens in air 
Removing and/or inactivating, potentially hamlfuli ni croorganisms in .ur 
Arr/ device capable to turning a powder or liquid into airborne particles 
A suspension of the test microorganism in a soili load and an, antifoam 
A prepared microbial suspension, used to inmate cultures for use in experimentation 
A device VI/here airborne microbes are drawn through a narrow slit for capture on a 
nutrient recovery medium by impaction 
A mixture of one or more organ"c/inorganic substances added to suspensions oftest 
m·crobes to simulate the presence of boc!"ly secretions, excretions, or o1her materials 
that may shield microbes by interfering with tile activity of a microbicidal: agent. 

Abbreviations 
UL Mlcroliter 

BSA Bovine serum albumin 
BSC Biological! safety cabinet 
BSL Biosafety level! 

DOW Deionized distilled water 
ml Cubic meter 

h Hour 
HEPA Hioh-efficiencv particle arres,tor 

ID Inside diameter 
kPa Kilo-Pascal 
ml Cubic meter 

PBS Phosollate-buffered saline 
PES Polvethersulfone 
PPE Personal protective eaui:oment 
PVC Polyvinyl chl.oride 
QAU Quality assurance unit 

SD Standard deviation 
STA SliHo-;iruir 
TSA Trypticase soy agar 
TSB Trvoticase sov broth 

Viv Volume/Yolume 
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Appendix4 

Daily activit ies for a given lotJmicroorg.anismlreplicate 
Day 1-AM 

-For o So'e,~orr,or<oW-

9 oo - Wear PPE, d1ec:k the chamber for integrity as well as air temperature and RH, adjust RH 
if required. Seal the door of the chamber. Prepare suspension for nebulization. Collect the 
nebulizer fluid for PFIJ assay. 

1 O:OO- fNebul ize test bacteriophage for control counts (Stability-,in-Air) [1 0-min nebulization + 5-
min stabi lization + collecting at least three a ir samples over the next 10-min+ co llect the 
nebulizer fluid for PFU assay.] 

► 11: 15 - Stability-in~A:ir (untreated control) assessment complete 

Keep the prepared host bacterial culture on ice tor use later during me day 

► 11: 15 - 12:00 - Evacuate the chamber. Dilution and plating of nebulizer fluid samples_ 
Incubation of the culture plates. Observe plates from previous days' experiments and take 
photographs, clean up and decontaminate lab ware. 

12:00 - 1 :oo PM -continue Evacuating the chamber 

► 12:00 - 1 :oo - Scientists take brea'k plus flush the chamber 

Da.y 1 -PM 

► 1:00 PM- Wear PPE, check the chamber for integrity as well as ai r temperature and RH, adjust 
RH if required _ Se.al the door of the chaml>er Prepare suspension for nebulization_ Collect the 
nebulizer fluid for PFU assay. 

► 2:00 PM - Nebulize test bacteriophage 

► 2: 15 PM - Dispense product 

► 2:25 - 3:00 PM - Collect ai r-sample by STA, remove plate for incubation ► 3:00 PM test 

completed 

► 3:00 - 5:00 PM - Evacuate the chamber. Dilution and plating of nebulizer fluid samples. 
Incubation of the culture plates_ Decontaminate the labware/\vaste, prepare cu lture/supplies for 
next day and exit BSL-2 faci lity 
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Appe,ndix 5: Analytical Method for Determination of Dipropylene Glycol in Air by GC 

RECKJTI 
BENQ(ISER 

Method#: 

ANALYTICAL METHOD 

DPGAjr001 
For: Determination of Dipropylene Glycoll in Air by GC 
Issue Date: 01/1412022 Replaces Date: Originali issue 
Project Name: Honey Gake Co1.mtry; USA 
Author: Mark M. MlRer Status: Final 

Keywords: [)lpmpytene glycol; Aerosol', DPG 

SCOPE: 
This method determines the Dipropylene glycol - DPG content in air delivered by an aerosol spray product 
containing significant amounts of fragrance. DPG detemfnation is made by capillary GC using a DB-Wax column 
and FID detector. The samples and: standards are diiSSOlved in lsopropanol with a quantttation range of 
approxima ely 5 to 200 ppm, using a three point external standald curve. Validation of this assay is pending. 

REAGENTS: 
1. illpropyleoe glycol - (DPG), approximately 99%, Al'dlicll, Chemical T5,94~5 or equivalent 
2. lsopropanol - (IPA}, (2-Propanol), JT Baker 9095 or equivaren . 
3. De-ion.zed Waler 

EQUIPMEHT: 
Agilent HP 7890 Gas Chromatogmph or equivalent 
4 place Analytical Batance 
2 or 3 place m·nimum 2000 gram capacity analylical balance 
SKC universal sampling pun p cat og # 224-44XR 
SKC UltraFlo Calibrator Catalog # 709 
VWR Electronic Digital Barometer/ThermomelerfHurnidily Meter and aock Catalog e # 35519-
0555. 
Volumetric Flasks, pipe es and other misc. glassware 

GC CONDITllONS 
Detector: FID 

Co umn: OB-Wax 30 Meter x 0.53 mm . 1 um Film hickness.. t.legabore 
Capil lary Cotumn or equ'ivalent •. 

Column Temp: 121) 0c hold for 1 min., 

Ramp # 1: 10 °Clmin. to, 220 De & hold for 2 min. 

Detector Temp: 251) +I- 20 'C; Detector Signal set for highest sens~i'lfity 

PP Injection Po:rt Temp: 20D+F- 20 •c 
Helrum Flow: Constant Pressur e at 1 I) P SIG 

11-12 +!- 2 mVmin Make-'1.Jp gas f1bw = 11) mL'min 

Sample size: 2 +/- 1 microllter 

No,. of injeationsArial: i '"'O 
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NOTE: ese are proposecl co:nd'itions and are o be used as a starting, point. Due to column age and c olumn supplJer ihe 

actual condiiion,s may vary considerably from lhe above co:ndiiions in oroe, to obbin adequa~e chroma!ography. The,se 

changes will be recorded in the raw data and wiH not be consideredl deviations fr,om the procedur e. The purpose of the 

sec0111d ,oven temperature ramp is, o bake ,ou the corumn after the TEG peak has eru ed to eliminate carcy over from 
previous injections. 

·• GC Columns that are equ,vallenl include the fo llawing,: Supelcowax. lnnowax, Rb:-Wex., etc. 

1. DPG Standard Preparation 

Primary Standard Stock Solution -Approximately 1000 ppm 
Accurately weigh 0.1000 +/- 0.0150 g of DPG (100 % basis) into a 100 ml: volumetric flask. Dilute 
to volume with deionized water. Tilis is the stock standard 

Wofiking Standards: 
Primary Standard# 1 -Approximately 100 ppm 

Pipette 10 ml of he stock standard into a 100 mll volumetric flask and make to volume v i 
mixirg 1Mlh IPA This is Primary standard # 1. 
Make a least 2 injectioos of this standard:. 

Primary Standard# 2 - Approximately 50 p;pm 
Pipe 5 ml of the sock standard into a 100 ml voll.lmetlic flask and make to volume l'<fli e mixing 
with I PA Tilis is Primary standard # 2. 
Make at least 2 injections of this standard. 

Primary Standard# 3 - Approximately 10 ppm 
Pipe 1 ml of the sock standard into a 100 ml voll.lmetlic flask and make to volume l'<fli e mixing 
with I PA Tilis is Primary standard # 3. 
Make a least 2 injectioos of this standard. 

Calcu ate the RSO (relati:i.re standard devtation) of lhe DPG peak area to ·njections. The RSD 
should be+/- rn %. If the RSD is not witifn this range, troubleshoot the problem. lfino reason 
can, be found for the problem, prepare the standards over again and restart the analysis. 

Secondary Standard (2°) Stock Solution -A:pproximately 700 p;pm 
Accurately weigh 0.0700 +/-0.010 g of DPG (100 % basis) into a 100 ml volumetric flask. Dilute 
to volume with deionized wa er. Tilis is the S&and.,ry stock Standard. 

Secondary Standard (2°) -Approximately 35 ppm 
Pipette 5 ml of the Secondary st.ock standard into a 100 ml volumellic flask and make to volume 
wtlile mixing with IPA, This is the Secondruy standard. 
Make at least 2 injectioos of this standard. 

The average resu shourd be +/- 1 O % of the calculated value for DPG in the s&ondruy standard 
in ppm. 

= 2°Weight in mg x 5 ml / 100 ml = -35 ppm 

2. Air Sampling Procedure 

Air Sampling Chamber: 
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This can be of any size of interest The volume should be koown as well as the ten perature, pressure and the relative 
humidity as % HH_ 

Apparatus: 

Samples are col ected using a personal sampling pump calibra ed, wilh 1he sampling device attached, to 
within ±5% of the recommended flow rate" 
Samples are col ec ed using OVS-7 tubes, ich are ~ially made 11-rnm i.d. " 13-!ilTil o.d. " 5_0 cm long 
grass tubes that taper to 6-mm o.d. "2.5 cm_ Each tube is packed 'Mlh a 140-mg back secUon and a 270-rng 
front sedion of XAD-7 and a 13-mrn d-ameter g ss fiber fitter_ The back section is ret -ned by two toam plugs 
and the sampling section is be een one foam plug and the g ass fiber filter. The glass fiber filter is held next 
to the san piing section, by a polytetralluoroe1hytene (PTFE) ret -ner. These tubes are commercially available 
from SKC Inc" (catalog no. 226-57) and from both Supelco and Fores! Biomed-cal' as a custom product 

.Smt,-1 

Techn ique: 

I 
I 
I 

270 mg XAD-7 7 
1 
l 
I 
l 
l 

i------· l~ mm _ __.,...,__ ____ ~amm 

r GU, S5 FlflER F,\'..TER 

/ 
,' 

/ TEFWr-J flEf AiNER. 
I 

Immediate!¥ before sarnplirg, remove the front cap from the sampling tube_ Using a knife cut lhe end of the 
rear sample tube cap. 
carbrate the sample pump io detefTlline ihe flow ra e_ 
Attach the smal end of the sampling tube to the purnpiMth flexible tubing. Position the tube so that sampled 
air passes through the front section (GFF) of the tube first 
Air being sampled should not pass thrnug any hose ortu )ing before enteting the sanl)ling tube_ 
Attach the sampler vemcally with the open end pain -ng obliquely outmmls, 76 o 101 _6 cm from the lloor. 
;Record the initial weight of the aerosol can to at least !wo decimal places as t0 
Spray the aerosol mist in tile center of tile room with a side o side motion for the assigned time_ 
start the sampling pump_ 
Attersanl)ling for the appropiia e time, remove the san pie and seal the tube with plastic end caps. 
Run, one blank sample with each set of samples_ Handle the blank sample in, tile same manner as the olliler 
samples except draw no -r through il. 
Record the sample volume (in liters of ·r) for each sample, !he room temperature in deg C, tile final aerosol! 
can weight, the pressure in mm'Hg = Tm, the% Relative humidity along with any potential interiferences. 

Pressure Conversion Units: 
To convert Inches of mercul)' (inHgJ io mml-t;J multiply t)y 25.4 
To convert Atmospheres lo mmH;J multiply by 760 
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Sample tubes are opened and lhe front section (G:PF and 270 mg adsortleJ'll), and option ly the back section 
of each tube is placed in separate suitable size screw cap vials. Discard foam plugs. 
:Each section is desorbed with 2 ml of IPA 
The vials are sealed immediately and allowed to extract/desorb for one half hour in a sonicator or the virus 
can be shaken vigorousll{ by hand several times during e extraotionfdesorption time. 
Transfer a portion of the solution from each of the 4-mL vials to sm ler gl:ass vi s suitru)le for an 
autosampler. 
Hun at least tiNo injectims of each sample preparation. 

Cal'culations: 

1. ppm DPG in Sample 

Where, 

JY..:..9 
M 

Y is lhe !lPG peak area in lhe sample ctirormlogram. 

C is y i nfercept. 

P is lhe peroent purity of 1he Primary standa:rd (from lhe COA). 

M is ltte slope ,of e line from lhe ee point Primary standard ,curve. 

C and M can be determined us~ E>ocEI or olher suitabli? software pac; age. 

2. Total ppm DPG 

= L ppm DPG from front and back of sample tube. 

3. RAAC (Replicate Analysis Acceptance Criteria) is the acceptance criteria for duplicate 
analyses of the same sample. RAAC must be+_ 10 %. 

RRAC = ( [ Result injection 1/ Result injection 2) - 1 ) • 100. 

NOTE : If the RAAC is greater than +/- 1 o %, stop and trou ,leshoot the proolem. If no reason 
can be found for lhe problem, prepare samples over again and repeat the analysis. 

4. Co11oentrntio11 of DPG in- the air sample. 

ITotali ppm OPG} (DV) (24.46) (10"6) (g) (mg) = ppm x 5.488 = mgfM3 
(Liters) (DE){MW) (1 000 mg}(1000 µg) 

Where: 
µg/mL 
24.46 
MW 
DV 
Liters 
DE 
5.488 

= Conoentration of OPG in saniple. 
= Molar volume (liters/mole) at 25·c and; 760 rrm Hg 
= Moleoular weight (g/mole) = 134.17 
= Desoiption volume = 2 ml IPA 
= Liters of air sample 
= Desoiption efficiency = 1 
= MwDPG / 24.45 (unit conversion, factor) 
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SAMPLE CHROMATOGRAMS 

1. DPG Standard Chromatograms 10, 50, and 100 ppm: 
DPG Isomers are measured as a timed k rou from 5.3 to 7.1 Minutes . 

.mo: 
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